EXECUTIVE SUMMARY
Several Slurry-Fed Melt Rate Furnace (SMRF) tests with earlier projections of the Sludge Batch 4 (SB4) composition have been performed. 1, 2 The first SB4 SMRF test used Frits 418 and 320, however it was found after the test that the REDuction/OXidation (REDOX) correlation at that time did not have the proper oxidation state for manganese. 1 Because the manganese level in the SB4 sludge was higher than previous sludge batches tested, the impact of the higher manganese oxidation state was greater. The glasses were highly oxidized and very foamy, and therefore the results were inconclusive. After resolving this REDOX issue, Frits 418, 425, and 503 were tested in the SMRF with the updated baseline SB4 projection. 2 Based on dry-fed Melt Rate Furnace (MRF) tests and the above mentioned SMRF tests, two previous frit recommendations were made by the Savannah River National Laboratory (SRNL) for processing of SB4 in the Defense Waste Processing Facility (DWPF). The first was Frit 503 based on the June 2006 composition projections. 3 The recommendation was changed to Frit 418 as a result of the October 2006 composition projections (after the Tank 40 decant was implemented as part of the preparation plan).
# However, the start of SB4 processing was delayed due to the control room consolidation outage and the repair of the valve box in the Tank 51 to Tank 40 transfer line. These delays resulted in changes to the projected SB4 composition. 4 Due to the slight change in composition and based on preliminary dry-fed MRF testing, SRNL believed that Frit 510 would increase throughput in processing SB4 in DWPF. Frit 418, which was used in processing Sludge Batch 3 (SB3), was a viable candidate and available in DWPF. Therefore, it was used during the initial SB4 processing. Due to the potential for higher melt rates with Frit 510, SMRF tests with the latest SB4 composition (1298 canisters) and Frits 510 and 418 were performed at a targeted waste loading (WL) of 35%. The "1298 canisters" describes the number of equivalent canisters that would be produced from the beginning of the current contract period before SB3 is blended with SB4.
The melt rate for the SMRF SB4/Frit 510 test was 14.6 grams/minute. Due to cold cap mounding problems with the SMRF SB4/Frit 418 feed at 50 weight % solids that prevented a melt rate determination, this feed was diluted to 45 weight % solids. The melt rate for this diluted feed was 8.9 grams/minute. A correction factor of 1.2 for estimating the melt rate at 50 weight % solids from 45 weight % solids test results (based on previous SMRF testing 5 ) was then used to estimate a melt rate of 10.7 grams/minute for SB4/Frit 418 at 50 weight % solids. Therefore, the use of Frit 510 versus Frit 418 with SB4 resulted in a higher melt rate (14.6 versus an estimated 10.7 grams/minute). For reference, a previous SMRF test with SB3/Frit 418 feed at 35% waste loading and 50 weight % solids resulted in a melt rate of 14.1 grams/minute. 5 Therefore, depending on the actual feed rheology, the use of Frit 510 with SB4 could result in similar melt rates as experienced with SB3/Frit 418 feed in the DWPF.
# Frit 418 was identified as a primary candidate for the October 2006 SB4 projections. In addition, the higher B 2 O 3 based frits (Frits 505, 510, and 511) were also identified as candidate frits. This information was presented to the Liquid Waste Organization and the DWPF via a presentation at the DWPF Plan of the Month meeting (see WSRC-NB-2006-00017, pages 106-118 for more detail). 1 Because the manganese level in the SB4 sludge was higher than previous sludge batches tested, the impact of the higher manganese oxidation state was greater. The glasses were highly oxidized and very foamy and therefore the results were inconclusive. After resolving this REDOX issue, Frits 418, 425, and 503 were tested in the SMRF with an updated baseline projection of the SB4 composition. 2 Based on dry-fed Melt Rate Furnace (MRF) tests and the above mentioned SMRF tests, two previous frit recommendations were made by the Savannah River National Laboratory (SRNL) for processing of SB4 in the Defense Waste Processing Facility (DWPF). The first was Frit 503 based on the June 2006 composition projections. 3 The recommendation was changed to Frit 418 from the October 2006 composition projections (after the Tank 40 decant was implemented as part of the preparation plan). However, the start of SB4 processing was delayed due to the control room consolidation outage and the repair of the valve box in the Tank 51 to Tank 40 transfer line. These delays resulted in changes to the projected SB4 composition. 4 Due to the slight change in composition and based on preliminary dry-fed MRF testing, SRNL believed that Frit 510 would increase throughput in processing SB4 in DWPF. Frit 418, which was used to process SB3, was a viable candidate and available in DWPF. Therefore it was used during the initial SB4 processing. Due to the potential for higher melt rates with Frit 510, SMRF tests with the latest SB4 composition (1298 canisters) and Frits 510 and 418 were performed at a targeted waste loading (WL) of 35%. The "1298 canisters" describes the number of equivalent canisters that would be produced from the beginning of the current contract period before SB3 is blended with SB4.
LIST OF TABLES
The work was performed per Task Technical and Quality Assurance Plan WSRC-RP-2006-00713. 6 Tests were performed with non-radioactive, simulated SB4 material. Due to the small-scale of the test equipment and the design of the equipment, as well as the use of non-radioactive simulant feed, the behavior of the actual radioactive SB4 feed in the DWPF melter cannot be fully proven. However, previous SRNL simulant melt rate results have shown trends that are consistent with those of actual melt rates obtained at the DWPF.
EXPERIMENTAL

22-L SRAT/SME Feed Preparation Details for SMRF Runs
The SB4 sludge composition used in these melt rate tests was designated as "1298 canisters". As previously stated, "1298 canisters" describes the number of equivalent canisters that would be produced from the beginning of the current contract period before SB3 is blended with SB4. This targeted sludge did not include auxiliary waste streams such as the Actinide Removal Process (ARP) stream, which contains monosodium titanate (MST), entrained sludge, and various soluble sodium compounds as a result of filter cleaning and stream adjustment for transfer.
The Sludge Receipt and Adjustment Tank/Slurry Mix Evaporator (SRAT/SME) products were made in the Aiken County Technology Laboratory (ACTL) 22-L vessels using the above described sludge composition. The feed preparation process strategy used 135% acid stoichiometry and targets of 35% waste loading (WL) and 0.2 REDOX defined as Fe 2+ /ΣFe. Table 2 -1 gives the analysis of SB4 simulant used for these tests as well as the composition of the typical SB3 simulant. The main differences between the SB4 and SB3 sludge compositions are the higher levels of aluminum and the lower level of iron in the SB4 sludge. The higher aluminum and lower iron concentrations would tend to lower melt rate. The SB4 sludge identification (ID) used for these tests was 1298-1. Two SRAT/SME runs were performed to make each SMRF feed listed in Table 2 -2. The SB4 SRAT/SME run ID numbers and the run plan numbers for each feed are given in Table 2 -2.
Compositions of the SME products for the SMRF runs are given in Appendix A. Prior to performing the SMRF tests, both SMRF feeds were pumped with the SMRF feed delivery system to ensure that they could be fed at the required 100 grams/20 second feed cycle. Both feeds met this requirement. 
Test Frit Compositions
Frits 418, 503, 509, 510, and 511 were tested in the MRF with this same SB4 composition at 35% waste loading. Based on the tests results and other considerations, Frits 418 and 510 were selected for testing in the SMRF. Frit 418 was used to process SB3 at DWPF as well as for initial processing of SB4 and was considered the baseline frit for these tests. Table 2 -3 gives the compositions of these frits. 
SMRF Testing Details
Details of the SMRF configuration and operation are documented elsewhere. 8 The operational parameters for the SMRF tests were consistent with previous testing. More specifically, the melt pool and vapor space setpoints were 1125°C and 750°C, respectively. The duration for each feed cycle after the vapor space had reached the feed initiation setpoint of 750°C was 20 seconds. The measured current for the melt pool and vapor space heaters were both about 20 amps for the two tests.
MRF Testing Details
The dry-fed MRF has a cylindrical inner chamber that is approximately 0.5 cubic feet in size, with heating coils winding around the chamber walls. The diameter of the chamber is ~7", and an insulating sleeve and 1200 mL stainless steel beaker (6" deep) were inserted from the top for each test. The tests were conducted with the stainless steel beakers inserted with the sleeve so that the beaker bottom was approximately flush with the top of the uppermost chamber coil. An insulating block was used to cover the beaker. The furnace was heated to 1150°C with the top opening covered. Once the furnace reached the setpoint, the cover was removed and a beaker containing sufficient dried, sieved material to produce 525 grams of glass was inserted. After 50 minutes, the beaker was removed from the furnace and allowed to cool to room temperature. This residence time in the furnace was established as a standard test time for melt rate comparison for this dry-fed furnace. 9 For these MRF tests, relative melt rate was determined by measuring the height of the glass layer in the bottom of each sectioned beaker at 0.25" intervals. A new technique using digital radiography to view the glass layer height was not used for these MRF tests due to equipment problems. The average height of the glass layer and residence time in the furnace was used to yield a relative linear melt rate (LMR) number (inches/hour). General observations of the beakers can also be used to describe differences between runs.
RESULTS AND DISCUSSION
As previously discussed, several SB4 MRF runs were performed with a set of candidate frits. Based on the results of these runs, two SMRF runs were performed with SB4 simulated sludge with Frits 418 and 510 at 35% WL. The SMRF runs were recorded in notebook WSRC-NB-2004-00123 and performed per Run Plan SRNL-PSE-2007-00114. 10 However, a shift in the melt rate of the standard used does not allow comparison with these results and the previous SB3/Frit 418 MRF result. The frits that indicated a possible positive impact on SB4 melt rate were Frits 510 and 511. 
SB4 MRF Runs
35 0.71 510 38 0.66 510 41 0.53 * Based on historical MRF data, the estimated precision in LMR is about +/-0.02 inches/hour SRNL made the test frits for the MRF runs because the amount of test frit needed for each MRF run was small (less than 100 grams). The frits for the SMRF tests (418 and 510), on the other hand, were taken from existing lots at DWPF. Based on the promising SB4/Frit 511 MRF result, it would appear that Frit 511 would be the logical frit to be recommended for SB4. However, the nominal stage assessment for Frit 512, when coupled with the baseline SB4 composition, indicated a projected operating window of only 25-38% WL (being low viscosity limited). This is a 3 point decrease in the upper percent WL limit for Frit 512 relative to the projected operating window from Frit 510's assessment. Frit 511 is very similar to Frit 512 (Frit 512 contains only 1% more Na 2 O and 1% less SiO 2 ). Due to its relatively poor projected operational window, no SB4 "1298 canister" MRF tests were performed with Frit 512. Because of this compositional similarity between Frits 511 and 512, the use of Frit 511 presents concerns of negative impacts on property predictions due to compositional variation at the upper end of DWPF's projected WL operating window. Therefore, Frit 511 was not considered for SB4 SMRF testing. Additional details concerning this decision are documented elsewhere. 
SB4/Frit 510 SMRF Run
The SMRF was charged with 6.1 kg of glass (drained from the SMRF after the SB4/Frit 503 (35% WL) 5/26/06 test) and heated up to operating temperatures on 7/9/07. Feeding of the SB4/Frit 510 feed was started at 0710 hours on 7/10/07. The feed pump speed was 250 rpm to deliver about 100 grams of feed per each 20 second feed cycle. Feeding and pouring were continued until 1330 hours without any major feed problems or signs of overfeeding of the melter. Some cold cap mounding was observed and the cold cap mound under the feed tube was manually knocked down at 1330. At 1400 the pour rate was higher than what would be expected with the feed rate and therefore feeding was stopped to allow the cold cap to burn off. Feeding was restarted at 1537. At 1720 feeding was stopped because the cold cap was very dark and a mound was up near the tip of the feed tube. The average melt rate from 1000 to 1330 hours (steady state portion of test) was 14.6 grams/minute. A total of 7262 grams of glass was poured during this test.
SB4/Frit 418 SMRF Run
The SB4/Frit 418 SMRF test was performed on 7/11/07 and 7/12/07. Feeding was started at 0710 hours on 7/11/07. A feed pump speed of 250 rpm was used to deliver about 100 grams of feed per each 20 second feed cycle. Feeding and pouring were continued until 1150 hours when an inspection of the cold cap showed a complete bridging of the cold cap and the cold cap was very thick. Therefore feeding was stopped at 1155 hours but the pouring was continued. At 1300 hours the cold cap had burned off and the glass height was at the overflow level. Feeding was restarted at 1300 hours but stopped at 1400 hours due to mounding of the cold cap (see Figure 3-1) . The left side of the melt pool was uncovered, but the mounding indicated that the feed was too thick. In addition, it was noted that the feed rate of 40 grams/minute was too high relative to the resultant pour rate of only 6-8 grams/minute (40 grams/minute should result in a pour rate of about 16.5 grams/minute). A total of 3800 grams of glass was poured during this part of the test. Due to excessive mounding and lack of cold cap coverage, an accurate melt rate could not be determined for SB4/Frit 418 at 50 weight % solids. A decision was made to dilute the feed from 49.5 to 45 weight % solids to improve the rheology of the feed to allow for better cold cap coverage. Therefore 101 grams of water was added per 1 kg of feed. This decision was made even though the SB4/Frit 510 feed was only tested at 50 weight % solids. Previous SMRF tests with SB3/Frit 418 had determined a correction factor of 1.2 to estimate a melt rate at 50 weight % solids from tests using 45 weight % solids feed. 5 Part of the rationale for the dilution decision was that there was not enough feed left to allow for any more mounding problems. Feeding was restarted at 1438 hours with the diluted feed. However, at 1600 hours a power outage stopped the test as the pour and drain induction heaters could not be restarted (possibly due to power supply tuning problems). It was decided to restart the test the next day. For information, 810 grams of glass was poured after the dilution of the feed so that a total of 4610 grams was poured on 7/11/07. The test was resumed on 7/12/07 at 0710 with the diluted feed. At 1230 hours, the entire melt surface was covered with a cold cap, but the cold cap was orange with no major dark areas, thus indicating a thin cold cap. Just 15 minutes later the cold cap was observed to be turning slightly darker than that observed at 1230 hours. At 1255 hours, the test had to be stopped because there was not enough feed left to continue the test. The average melt rate from 0800 to 1230 hours (steady state portion of test) was 8.9 grams/minute. With the previously mentioned correction factor of 1.2, an estimated melt rate of about 10.7 grams/minute would have been achieved at 50 weight % solids if the feed had flowed better on the melt pool/cold cap. A total of 3332 grams of glass was poured. At 1330 hours the drain induction heater was started and draining began at 1415 hours. Draining was completed at 1538 hours and about 5000 grams of glass was drained.
Discussion of Results
Glass pour samples were taken at the end of each SMRF test. In addition, a glass drain sample was taken at the end of the SB4/Frit 418 test drain. The compositions of these three glass samples are given in Attachment A (Table A-4). Table 3 -2 summarizes the REDOX values of the three glass samples. The Fe 2+ /ΣFe target was 0.20. SME product analyses projected a value >0.15. 11 The actual measured values of the glass samples were slightly higher than the SME product projections, but close to the target of 0.20. Another set of important parameters that was reviewed was the power consumption (BTU/min) of the plenum and melt pool heaters during these tests. Table 3-3 gives these values for the two SB4 SMRF tests as well as the power consumed in a previous SB3/Frit 418 (45% solids) SMRF test (actual power consumptions for the SB3/Frit 418 tests documented in later SB4 melt rate report 2 ). The only difference is the lower SB4/Frit 418 plenum power consumption for the 50 weight % solids run. This indicates that the cold cap was not fully covered, and therefore, less plenum power was required. When the feed was diluted to 45 weight % solids, the cold cap flowed better and its coverage was greater, resulting in higher plenum power consumption as the contribution of heat from the melt pool to the plenum was less. Table 3 -4. The melt rates for the SB4/Frit 510 feed at 50 weight % solids and the estimate for 50 weight % solids SB4/Frit 418 feed were 14.6 grams/minute and 10.7 grams/minute, respectively, at 35% waste loading. For reference, a previous SMRF test with SB3/Frit 418 feed at 35% waste loading and 50 weight % solids resulted in a melt rate of 14.1 grams/minute. 5 Therefore, depending on the actual feed rheology, the use of Frit 510 with SB4 could result in similar melt rates as experienced with SB3/Frit 418 feed. 
CONCLUSIONS
The following conclusions can be made with regard to the latest baseline SB4 composition (designated "1298 canisters") MRF and SMRF melt rate tests with Frits 418 and 510:
• MRF tests indicated that Frits 509, 510, and 511 resulted in higher melt rates with SB4 feed than Frit 418. These frits have higher B 2 O 3 and similar Na 2 O concentrations as compared with Frit 418.
• Based on the promising SB4/Frit 511 MRF result, it would appear that Frit 511 would be the logical frit to be recommended for SB4. However, the nominal stage assessment for Frit 512, when coupled with the baseline SB4 composition, indicated a projected operating window of only 25-38% WL (being low viscosity limited). This is a 3 point decrease in the upper percent WL limit for Frit 512 relative to the projected operating window from Frit 510's assessment. Frit 511 is very similar to Frit 512 (Frit 512 contains only 1% more Na 2 O and 1% less SiO 2 ). Due to its relatively poor projected operational window, no SB4 "1298 canister" MRF tests were performed with Frit 512. Because of this compositional similarity between Frits 511 and 512, the use of Frit 511 presents concerns of negative impacts on property predictions due to compositional variation at the upper end of DWPF's projected WL operating window. Therefore, Frit 511 was not considered for SB4 SMRF testing. Additional details concerning this decision are documented elsewhere.
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• The melt rate for the SMRF SB4/Frit 510 (35% waste loading and 50 weight % solids) test was 14.6 grams/minute. Due to cold cap mounding problems with the SMRF SB4/Frit 418 feed at 50 weight % solids that prevented a melt rate determination, this feed was diluted to 45 weight % solids. The melt rate for this diluted feed was 8.9 grams/minute. A correction factor of 1.2 was applied to allow an estimation of the melt rate at 50 weight % solids based on the 45 weight % SMRF feed tests. Therefore, the estimated melt rate for SB4/Frit 418 (35% waste loading and 50 weight % solids) is 10.7 grams/minute.
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• The use of Frit 510 in place of Frit 418 with SB4 resulted in a higher SMRF melt rate.
• For reference, a previous SMRF test with SB3/Frit 418 feed at 35% waste loading and 50 weight % solids resulted in a melt rate of 14.1 grams/minute. 5 Therefore, depending on the actual sludge rheology, the use of Frit 510 with SB4 could result in similar melt rates as experienced with SB3/Frit 418 feed in the DWPF.
RECOMMENDATIONS/PATH FORWARD
• Based on the latest results of the SB4 MRF and SMRF testing, SRNL supports its previous recommendation to use Frit 510 in processing SB4 to increase waste throughput. 
ATTACHMENT A COMPOSITION ANALYSES OF THE SME PRODUCTS AND GLASS SAMPLES FOR THE SMRF SB4 TESTS
